Filtered bipolar right ventricular apical (RVA) and His bundle electrograms, using electrodes only i mm apart, were recorded in two patients with intermittent WPW type A with and without 'complete' right bundle-branch block. In beats with exclusive normal pathway conduction and 'complete' right bundle-branch block, the HV and V-RVA intervals represented His-to-left ventricular endocardial and left ventricular endocardial-RVA conduction times, respectively. The H-RVA interval was determined by addition of these two intervals. In 'fusion' beats resulting from AV conduction through both normal and accessory pathways, the duration of the H-RVA interval was similar to that of beats with exclusive normal pathway conduction, suggesting that though the ventricles were pre-excited through an accessory pathway the RVA was still activated via the impulse emerging from the right bundle-branch. In beats with exclusive, or predominant, accessory pathway conduction and a WPW type A morphology, the H-RVA 'interval' was 'shorter-thannormal', suggesting that the RVA was not activated by the impulse traversing the normal pathway but by the one propagating from the pre-excited site. The corresponding V-RVA intervals (giving a rough estimate of conduction time from pre-excited site to RVA) were longer (Iio and I20 msec, respectively) than in two other patients with WPW type B. Intracardiac recordings have enhanced our knowledge of the ventricular activation process in WPW type A, either pure or associated with 'complete' right bundle-branch block.
The diagnosis of right bundle-branch block in patients with Wolff-Parkinson-White syndrome (WPW) has been a subject of considerable debate and speculation (Pick and Fisch, I958; Robertson et al., I963;  Laham, I969; Schamroth, I97i) . The introduction of specialized techniques for obtaining intracardiac electrograms has offered a new approach to the analysis of ventricular pre-excitation.
This will be shown in the present communication which deals with the arrival of excitation at several recording sites in patients having WPW type A associated with persistent, or intermittent, 'complete' right bundle-branch block.
Subjects and methods
The technique for obtaining His bundle and local ven-tricular electrograms used in our department has been discussed in other communications (Castellanos, Castillo, and Myerburg, I97I; Castellanos and Castillo, I972; Castellanos et al., I972a) . After explaining the procedure and obtaining consent from the patient, catheter electrodes were introduced to stimulate the high right atrium and to record from the His bundle area and the right ventricular apex (RVA). Filtered (4o-400 Hz), bipolar electrograms, using electrodes i mm apart, were obtained simultaneously with leads I, II, III, and Vi, at paper speeds of ioo mm/sec. Data from two patients with WPW type A in whom 'complete' right bundle-branch block also occurred will be presented.
The significance and duration of the various intervals measured are discussed in the corresponding case description. (Fig. 3) a) StV interval= in beats with any degree of pre-excitation this interval measured conduction time through atria (from the paced site to that where impulse enters accessory pathway) and through accessory pathway itself= 130 msec b) AH interval=even when pre-excitation is present this interval measures AV node conduction time: I25 msec c) VH interval= H was inscribed after V because ventricles were pre-excited ahead of His bundle d) H-R VA interval= 60 msec. Since this value was similar to that obtained when exclusive normal pathway conduction was present ( Fig. i and (Fig. 4) a) StV interval* = 130 msec b) AH interval*= I50 msec c) VH interval* = H was inscribed after V because ventricles were pre-excited ahead of His bundle d) H-R VA interval= differences between activation time of bundle (by impulse traversing the AV node) and RVA: 45 msec Since this interval was shorter than normal (6o msec in Fig. I and Table i ), RVA could not have been depolarized by impulse descending through right branch. Hence RVA was most probably activated by impulse propagating from pre-excited area Therefore:
e) The V-R VA interval of iIo msec represented conduction time from pre-excited area to R VA f) QRS duration: i85 msec * As defined in Table 3. right bundle-branch block and prolonged AV conduction time (Fig. 2) . The HV interval measured I20 msec ( Table 2 ), suggesting that there was an associated conduction delay through the left bundle system. Fig. 3 shows a 'fusion' complex (with WPW type A morphology) which occurred when the atrial impulse reached the ventricles through both normal and accessory pathways. This diagnosis was suggested, as shown in Table 3 Table i . t As defined in Table 2 Table 5 ) and from the left ventricular endocardium to RVA (across septum: 55 msec in Table 5 Fig. 6 ) with exclusive or predominant accessory pathway conduction a) StV interval* = 130 msec b) AH interval* = 125 msec c) VH interval= H was inscribed after V d) H-R VA interval* = differences between activation times of His bundle (by impulse traversing AV node) and RVA (by impulse propagating from pre-excited area): 85 msec.
Since this interval was shorter than in beats without preexcitation (i I0 msec in Table 5 ) RVA could not have been depolarized by impulse traversing normal pathway. Hence, RVA was most probably activated by impulse propagating from pre-excited site Hence: e) V-R VA interval* of 120 msec represented conduction time from pre-excited area to RVA f) QRS duration: I95 msec * As defined in Table 2. supported by (Table 6 ): (a) the change in morphology to one between that of 'complete' right bundle-branch block (first beat in Fig. 5 ) and that of pure WPW type A (last beat in Finally, the last beat in Fig. 6 showed what in this patient appeared to have been exclusive, or predominant, accessory pathway conduction with WPW type A morphology. There was a further shortening of AV conduction time associated with inscription of the H deflection after the onset of ventricular depolarization (Table 7 ). The shorter than normal H-RVA interval suggested that the RVA was not depolarized by the impulse traversing the normal pathway but by that propagating from the pre-excited area.
Discussion
Beat resulting from exclusive normal AV pathway conduction without 'complete' right bundle-branch block ( Fig. i and Table i ) In these beats, the H-RVA interval represented conduction time through the His bundle, right branch, and that part of the ordinary myocardium located between the site where the impulse emerged from the right branch and the electrodes positioned at the RVA (Castellanos and Castillo, I972; Castellanos et al., I972a, b) . On the other hand, the V-RVA interval simply reflected the time elapsing between the beginning of ventricular depolarization (wherever it might have occurred) and activation of the RVA (Castellanos et al., I972a, b) . Since lead I did not show a q wave and left ventricular electrograms were not recorded, it could not be determined I group.bmj.com on October 22, 2017 -Published by http://heart.bmj.com/ Downloaded from whether the supraventricular impulse reached the left ventricular endocardium before the right, the latter before the former, or both at more or less the same time.
Beat resulting from exclusive normal AV pathway conduction with functional 'complete' right bundle-branch block (Fig. 2 and Table 2) In Fig. 2 , the presence of (true) 'complete' right bundle-branch block was suggested by the prolonged AV conduction time, the wide QRS complexes, the triphasic pattern in lead Vi, the preterminalterminal slurring, and the absence of initial delay. Since the HV interval measured I20 msec, an associated conduction delay must have been present within the left bundle-branch. Assuming that the block in the right branch was 'complete', the HV interval most probably represented conduction time from His bundle to left ventricular endocardium (through the left bundle system). Moreover, the V-RVA interval could be used as a rough measurement of conduction time from the left ventricular endocardium to the RVA: left-to-right transseptal conduction time. Therefore, the H-RVA interval gave an estimate of conduction time from His bundle to left ventricular endocardium and from the latter area to the RVA.
Beat resulting from AV conduction through both normal and accessory pathways without 'complete' right bundle-branch block ( Fig. 3 and Table 3) In Fig. 3 , pre-excitation of the ventricles through the accessory pathway occurred before that of the His bundle. Thus, the H deflection was inscribed after the onset of the delta wave. However, the RVA was activated by the impulse traversing the right branch (from the His bundle) since the duration of the H-RVA interval (6o msec) was similar to that of the beat with exclusive normal pathway conduction and narrow QRS complexes (Fig. i and Table i ). Though this beat was a 'fusion' complex, the predominantly positive (wide and monophasic) deflection in lead Vi suggested that the impulse arising in the pre-excited area activated most parts of both ventricles. Yet, it reached the RVA after this area had already been depolarized by the activation front emerging from the right bundle-branch.
Beat resulting from exclusive accessory pathway conduction (Fig. 4 and Table 4) In contrast to what occurred in Fig. 3 (where a 'fusion' complex was present), Fig. 4 showed that the H-RVA 'interval' was reduced from 6o to 45 msec. This suggests that the RVA was not activated by the impulse emerging from the right branch possibly because the RVA had already been depolarized by the impulse propagating from the preexcited site. Therefore, the V-RVA interval could be used as a rough measurement of conduction time from pre-excited area to RVA.
Beat resulting from exclusive, or predominant, accessory pathway associated with organic 'complete' right bundle-branch block (Fig. 5 and Table 5) If the block in the right bundle-branch was complete (and persistent), the HV interval gave an indication of His-to-left ventricular endocardium conduction time. In consequence, the V-RVA represented left-to-right transseptal conduction time. The duration of the H-RVA interval was calculated by adding the HV (H-left ventricular endocardial) and the V-RVA (left ventricular endocardial-right ventricular apical endocardial) conduction times ( Fig. 2 and 5 , Tables 2 and 5 ).
'Fusion' beat resulting from AV conduction through normal pathway (with persistent 'complete' right bundle-branch block) and through accessory pathway ( Fig. 5 and Table 6 ) In this beat the impulse propagating from the preexcited site probably did not reach the left ventricular endocardial areas first depolarized by the impulse emerging from the left bundle system in time to render them refractory since the H-RVA interval (determined by the addition of the H-to-left ventricular endocardial and left ventricular endocardial to RVA conduction times) had a similar value (iIO msec) to the beat without pre-excitation. A 'fusion' complex was possible because some (anterior) right ventricular regions were not activated from the pre-'excited area but by the impulse which, after descending through the left bundle system, propagated in a left-to-right direction across the septum.
Beat resulting from predominant, or exclusive, accessory pathway conduction without 'complete' right bundle-branch block (Fig. 6 and Table 7) The shorter-than-normal H-RVA interval suggested that the RVA was not activated by the impulse reaching the ventricles through the His bundle. Assuming 'complete' block in the right branch, depolarization of the RVA was most probably a function of the impulse propagating from the preexcited region. Thus, the V-RVA interval of 120 msec represented conduction time from the latter site to the RVA. 6oo Castillo, Castellanos, Befeler, Myerburg, Agha, and Vagueiro Conduction time from pre-excited area to endocardial surface of RVA Although the pathways that the impulse followed in propagating from one site to the other are not known, the morphology of the QRS complexes suggested an anteroposterior and left-to-right sequence of activation (Rosenbaum et al., I945) .
The conduction times from pre-excited site to RVA endocardium in these two patients with WPW type A (II0-120 msec, respectively) were longer than those recorded in two other cases of WPW type B (40-50 msec, respectively) (Castellanos et In beats with pure 'complete' right bundlebranch block a preterminal-terminal rightwards oriented delay was associated with normal, or prolonged PR (or StV), HV, and RVA intervals. Coexisting initial and rightwards oriented terminal delays were seen in beats with WPW type A coexisting with 'complete' right bundle-branch block as well as in those with pure WPW type A. Whereas in the former instances the initial delay was due to pre-excitation and the terminal conduction abnormalities to right bundle-branch block in pure WPW type A (resulting from exclusive conduction through the accessory pathway), both types of delay were due exclusively to the bizarre activation pattern seen in beats propagating from an ectopic ventricular site, regardless of whether they reached this area (from the atria) through an accessory pathway, or whether they originated there (spontaneous or induced extrasystoles).
Duration of StV interval
During high atrial pacing pre-excitation occurred even when the StV intervals were within normal limits (greater than I20 msec), probably because this interval included conduction time through the accessory pathway as well as through the atria, from the paced site to its upper entrance, which presumably was located somewhere in the left atrium. 
